Mapping heterogeneity of cellular mechanics by multi-harmonic atomic force microscopy.
The goal of mechanobiology is to understand the links between changes in the physical properties of living cells and normal physiology and disease. This requires mechanical measurements that have appropriate spatial and temporal resolution within a single cell. Conventional atomic force microscopy (AFM) methods that acquire force curves pointwise are used to map the heterogeneous mechanical properties of cells. However, the resulting map acquisition time is much longer than that required to study many dynamic cellular processes. Dynamic AFM (dAFM) methods using resonant microcantilevers are compatible with higher-speed, high-resolution scanning; however, they do not directly acquire force curves and they require the conversion of a limited number of instrument observables to local mechanical property maps. We have recently developed a technique that allows commercial AFM systems equipped with direct cantilever excitation to quantitatively map the viscoelastic properties of live cells. The properties can be obtained at several widely spaced frequencies with nanometer-range spatial resolution and with fast image acquisition times (tens of seconds). Here, we describe detailed procedures for quantitative mapping, including sample preparation, AFM calibration, and data analysis. The protocol can be applied to different biological samples, including cells and viruses. The transition from dAFM imaging to quantitative mapping should be easily achievable for experienced AFM users, who will be able to set up the protocol in <30 min.